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Abstract
Background:M yanm arhasstruggled through decadesofinternalconflict,which hasnegativelyim pacted the country’s
health outcom es.Recentgovernm entchangeshave broughthope and reduced conflict.The ethnicm inoritygroupshave
suffered the bruntofthe health consequencesand reside in regionsthatlackhealth infrastructure,resources,and providers.
Due to the chroniclackofhealthcare providerswithin conflictareas,health workers(HW s)have been trained in an effortto
fillthe void.Research hasshown thatthese non-physician clinicianspositivelyim pacthealth outcom esin developing
countries.These HW sare supported bycom m unity-based organizationsin collaboration with foreign non-governm ental
organizations.Started in 2000,the traum atraining course wasdeveloped to m eetthe educationalneedsofthese HW s.
M ethods:EssentialproceduresforHW sin conflictzonesw ere identified,and teaching m ethodsw ere adapted to develop
m odelsthatwere sim ple,reproducible,costeffective,and able to facilitate effective learning within the lim itationsofthese
challenging environm ents.Thispaperpresentssim ulation m odelsdeveloped to teach traum ainjuryevaluation and
m anagem entin resource-lim ited settingsto HW s.
Results:M aterialand construction ofthe m odelsdescribed include breathing,chest,cricothyroidotom y,circulation,
w ound repair,fracture/dislocation,splinting,fasciotom y/am putation,and an anim alm odel.In 2013,a pre/posttestand
post-training evaluation w ere com pleted,w hich dem onstrated an increase in understanding ofthe m aterialand
satisfaction w ith the training.
Conclusions:The sim ulation m odelsdescribed engage the HW sin clinicalskillspractice specificto injurym anagem ent,
w hich buildsupon the HW sexisting know ledge and facilitatesan increased understanding oflife-saving procedures.
Through observation ofthe HW perform ance and HW feedback,these sim ulation m odelshave increased the
understanding oftraum am anagem ent.Lim itationsinclude lackofa graduated learning system forthe HW s,logistics,
and tim e constraints.Despite the barriersfaced,w e feelthatthisisa necessaryprogram thathasreduced m orbidityand
m ortalitydue to traum aticinjuryin the geographicareasthatthe HW sserve.W ith the changing politicalenvironm entin
M yanm arand the developm entofpeace agreem entsbetw een the governm entand the ethnicm inoritygroups,these
HW scan be integrated into M yanm ar’sevolving health system .
Keyw ords:Traum a training;Sim ulation;Health w orker;M yanm ar;Conflict
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Table 1 Topics covered by the TTC
Topics
Am putation

Prim ary survey

Anatom y and physiology

Recognition and m anagem entofairw ay and breathing injuries

Antibiotic use

Recognition and m anagem entofshock

Bleeding m anagem ent

Rehabilitation

Health w orkersafety/situationalaw areness

Resuscitation

Lim b injury m anagem entincluding orthopedic care

Safe field blood transfusions

Localanesthetics

Secondary traum a survey

M asscasualty

Sedation

M ortality/m orbidity reducing procedures

Suturing

Nutrition

Traum a in specialpopulations(children,pregnant,elderly)

Com partm entsyndrom e identification and m anagem entw ith fasciotom y

Traum a m entalhealth care
W ound care

Background
M yanm ar (form erly known as Burm a) has struggled
through m ore than 60 yearsofinternalconflict,which has
negatively im pacted the country’s health outcom es. In
2000,the W orld H ealth O rganization ranked M yanm ar’s
health system 190th outof191 countries [1].In addition,
decades ofhum an rights abuses have largely contributed
to the country’s consistently poor health outcom es [2-4].
Recent governm ent changes, including a dem ocratically
elected president and peace agreem ents between the
M yanm ar m ilitary and ethnic m inority groups, have
broughthopeand reduced arm ed conflict[5-7].
The ethnic m inority groups have suffered the brunt of
the conflict,abuses,and health consequences[4,8].W hile
dispersed throughout the country, the largest ethnic

m inority populationsreside in M yanm ar’s borderregions.
In these regionsthere isa lack ofhealth infrastructure,resources, providers, and an abundance of internally displaced persons (ID Ps; an estim ated 429,000 people in
2013)[2,3,9,10].This haslead to a chronic state ofhealth
crisis in these areas.For exam ple,in 2003,estim ates of
under-5 m ortality rates were 26,107,and 276 per 1,000
live births,respectively,for Thailand,M yanm ar,and eastern M yanm ar (a predom inately ethnic m inority area)
[8,11].Landm ine and gunshotwounds com pose a m ajority ofthe traum a-related injuries[12].
D ue to the chronic lack ofhealthcare providers within
conflict areas of M yanm ar,health workers (H W s) have
been trained in an effort to fill the void [3,8,12]. Research has shown that these non-physician clinicians,if

Figure 1 The breathing m odel.Photographson the leftrepresentexpiration,w hile photographson the rightrepresentinspiration.
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Figure 2 Chestm odel.The firstphotograph displaysthe chestm odelw ith norm alphysiology.The second photograph displaysthe chest
m odelw ith a hem othorax and a chesttube.

appropriately educated and trained, positively im pact
health outcom es in developing countries [12-14].These
H W s are largely supported and receive training from
local com m unity-based organizations (CBO s) such as
the M ae Tao Clinic, Karen D epartm ent of H ealth and
W elfare (KD H W ),the Backpack H ealth W orker Team s
(BPH W T),and the Shan H ealth Com m ittee who have
acted as a crucial part of M yanm ar’s non-governm ent
associated health care system with fixed and m obile
clinics [3,12].A dditionaltrainings occur at cam ps with
ID Ps and refugees in Thailand.The duration of initial
training ranges from 4 to 18 m onths and includes prim ary care, infectious disease, m aternal-child care, first
aid,traum a,and public health [12].These CBO s in cooperation with foreign non-governm ental organizations
(N G O s)have been working collaboratively overthe years
to increase capacity through trainings,project developm ent, drug procurem ent, infrastructure building, and
fundraising to supportthishealthcare system [12].
A U SA-based N G O began working in eastern M yanm ar
in 1998 with afocuson publichealth initiativesand training
in areassuch asm alaria,wom en’s health,lym phatic filariasis,and traum a.In 2000,in partnership with the KD H W ,
the traum a training course (TTC) began with a focus on
basic traum a knowledge and skills to address traum a

m orbidity and m ortality in eastern M yanm ar [12].KD H W
has since provided program m anagem ent,including supplies,m edication,equipm ent,data collection and analysis,
and fundraising. The TTC has evolved to m eet the dem ands of the resource-lim ited settings and educational
needsofthe H W s.TheTTC hasdeveloped from a lecturedom inated form atto one focused on sim ulation.O ver the
past9 years,the TTC hastrained approxim ately 395 com m unity health workers.Table 1 liststhe topicscovered during theTTC.
There has been an increased em phasis on sim ulation
throughout the developm ent of the TTC.Sim ulation is
used throughout m edical education [15-19].Benefits of
sim ulation training include the opportunity to learn and
practice in a safe environm entwithoutrisksto the student
or patientand the ability for instructors to provide feedback in a reduced stress and danger-free environm ent
[15,16,19-21].Studieshave shown im proved surgicalskills
through sim ulation in a variety ofsettings[22,23].In rural
areas, training using sim ulation m odels is of particular
interest because traditionalclinicaltraining m ethods are
often notavailable.
W hile itiswidely accepted thatsim ulation-based education and training hasm any advantages,creating a m edical
m odelthat closely resem bles its clinicalcounterpart can

Figure 3 Assem bly ofcricothyroidotom y m odel.The firsttw o photographsdisplay the com ponents,the third photograph displaysthe
respiratory tubing w ith a sm allcutoutw indow ,w hich issubsequently covered w ith the fingerofglove (fourth photograph),toiletpaper(fifth
photograph),and finally tape (sixth photograph).
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Figure 4 Cricothyroidotom y m odel.From leftto right,the firstphotograph displaysthe initialincision,follow ed by insertion ofthe tube,and
confirm ation ofthe tube.

be challenging.In resource-lim ited settings,com peting financial priorities necessitate low-cost m edical m odels.
O ur trainers have worked over the years to develop and
refine m edicalm odels thatare sim ple,reproducible,cost
effective,and able to facilitate effective learning within the
lim itations ofthese challenging environm ents.This paper
presentssim ulation m odelsdeveloped to teach traum a injury evaluation and m anagem entin resource-lim ited settingsto H W s.

M ethods
Essential procedures for H W s in a resource-lim ited and
conflictsetting were identified.O verthe last13 years,clinicalsim ulation m odelshave been borrowed,developed,and
refined to m ake certain the m odels depict the basic conceptsnecessary fordiagnosisand m anagem entoftraum atic
injury. Literature from M aurice King (Prim ary Surgery,
O xford U niversity Press,N ew York,U SA),H ans H usum ,
(Save Lives,Save Lim bs,Third W orld Pres,Ritoe,N orway),
and the Am erican College ofSurgeons(Advanced Traum a
Life Support,Illinois,U SA),in addition to the decades of
experience ofourstaff,have served ascornerstonesforthe
sim ulation m odels and training concepts.From the start,
there wasa focus on building low-costm odelswith locally
availableresourcesoritem seasily broughtfrom abroad.
The TTC is organized into training m odules,each focusing on a particular essential procedure. A ll training
m odules begin with a review ofanatom y and physiology,
followed by discussion on injury patterns,diagnosis,and

m anagem ent.Sim ulation m odels are used to engage the
H W s and to further facilitate an understanding of the
anatom y,physiology,and m anagem ent of injuries.Each
training m odule issupported by a single orm ultiple sim ulation m odels,ultim ately leading to an anim alm odelthat
incorporates the skills and concepts from the non-anim al
m odelsutilized throughoutthe course.
To gain insightinto the H W s conceptualization ofthe
skills learned on sim ulation m odels to live patients,
H W s were asked to provide a sum m ary oftheir cases in
the field from the prior year. A dditionally, a posttraining evaluation and pre/posttestwere com pleted by
the 26 H W sthatattended theTTC in 2013.

Results and discussion
Training m odels
Breathing model

The breathing m odelevolved outofthe necessity to teach
and review basic anatom y and physiology,as the H W s
have lim ited exposure to these topics (Figure 1). The
breathing m odel sim ulates inspiration and expiration in
association with diaphragm m ovem ent. The breathing
m odelconsists ofa bag-valve-m ask,connected to a piece
ofplastic respiratory tubing (representing the trachea;approxim ately 10 cm in length),then splitinto two piecesof
plastic respiratory tube (representing the bronchi; approxim ately7 cm in length),and then connected to a condom on each side.The m odelis held together with tape,
and handsareused to sim ulate diaphragm m ovem ent.

Figure 5 Circulation m odel.The firstphotograph displaysthe com plete m odel,com prised ofa saline bag,intravenoustubing,and a plastic
w aterbottle stuffed w ith a tow el.The second photograph displayspulsatile bleeding.The third and fourth photographsdem onstrate the HW s
m anaging a vascularinjury w ith directpressure.
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Chest model

The purpose ofthe chestm odelisto sim ulate and teach the
physiology and m anagem ent of a hem othorax, tension
pneum othorax,and sucking chest wounds (Figure 2).The
m odelconsists ofthe breathing m odel(Figure 1)with the
addition ofclear plastic bags surrounding the distalplastic
respiratory tubes and condom s.This m odelallows for the
insertion ofneedles and chest tubes.This m odeldoes not
allow forpercussion,aseparatem odelusing largewaterbottles,which are em pty,partially full,or com pletely full of
water is used for the teaching of chest percussion (not
shown).

Cricothyroidotomy model

Figure 6 W ound repairm odel.A photograph ofa HW practicing
sim ple interrupted sutures.

The cricothyroidotom y m odelconsists of5 cm pieces of
plastic respiratory tubing with a sm allcutoutwindow (approxim ately 1 cm by 2 cm ),which is covered by a finger
of a glove,toilet paper,and finally tape (Figure 3).The
various layers of differing m aterials sim ulate the tissue
layers of the hum an neck including the skin (tape),soft
tissue (toiletpaper),cricothyroid m em brane (glove),while
the larynx isrepresented by plastic respiratory tubing.Indications for cricothyroidotom y are discussed with the
H W s.Specific to the context indications are defined as
upper airway obstructions that cannot be resolved with
positioning,jaw thrust,and neck extension (after determ ining cervicalspine stability).The H W s are taughtthat
confirm ation of a correct cricothyroidotom y includes
resolution ofthe obstruction,bilateralbreath sounds,and
stabilization of the patient’s vital signs (Figure 4). The
H W s do not have access to oxygen or laryngoscopic

Figure 7 Fracture/dislocation m odel.The photographson the leftshow a dislocated fracture,w hile the photographson the rightshow a
reduced fracture.
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Figure 8 Dem onstration ofone reduction m ethod taughtto the HW s w ith the fracture/dislocation m odel.

capabilities;thus,thisisa life saving procedure with a narrow indication and lim ited m anagem entalternatives.
Circulation model

the sugar cane with tape.These item s are wrapped in a
towelto sim ulate soft tissue.The reduction m ethod prim arily taughtis gentle traction followed by deform ity exaggeration, pushing for length then reversal of the
deform ity.

The circulation m odelwascreated to sim ulate the vascular
system and teach/practice the different procedures necessary to stop bleeding including direct pressure,elevation,
packing,and application ofa tourniquet(Figure 5).The circulation m odeliscom prised ofa saline bag connected with
intravenoustubing to a cutplastic waterbottle stuffed with
a towel.The saline bag is held by the instructor,allowing
him orherto producediffering am ountsofpressuredistally
atthesite ofinjury.

Splinting is taughton hum an volunteers to dem onstrate
appropriate support and alignm ent (Figure 9). Locally
available supplies are used,which includes rigid plastic
plum bing pipes,rope,and softfabric place m ats.Trainings on plaster splints and casts are included in the
TTC,asplasterisavailable in som e ofthe ruralclinics.

Wound repair model

Fasciotomy/amputation model

The wound repair m odelis used to teach the techniques
of wound closure,specifically the placem ent of sim ple
interrupted sutures(Figure 6).Initialknottying istaught
with bicolor yarn (notshown).The wound repair m odel
consists ofa sponge with a verticalincision taped to the
floor,along with sutures,a needle driver,and scissors.

The fasciotom y/am putation m odelis used to teach basic
extrem ity anatom y, including the relationship of the
skin,subcutaneous tissue,fascia,m uscle,veins,arteries,
and bones (Figure 10).The m odel consists of approxim ately 1-foot-long sections ofsugar cane,with two longitudinal pieces of twine (vessels that require ligation),
wrapped in paper towels (m uscle),and then finally two
layers of plastic wrap (skin/soft tissue and fascia).The
m odelis taughtwith a focuson gentle dissection including creation ofa flap for skin closure after am putation,
identification,and incision ofthe fascia,identification of
arteries and veins w ith subsequent ligation,cutting of
the bone w ith a hand saw ,sm oothing the cut end of
the bone surface,w ound packing,and delayed prim ary
closure (Figure 11). Indications include blast injuries,
suspected com partm entsyndrom e,and progressiveextrem ityinfections.

Fracture/dislocation model

The fracture/dislocation m odel dem onstrates the basic
physiology ofa fracture/dislocation and basic techniques
for reduction (Figures 7 and 8).The fracture/dislocation
m odelconsistsoftwo piecesofsugarcane (approxim ately
20 cm each),two bungee cords,tape,and a sm alltowel.
The pieces of sugar cane are placed end-to-end and attached togetherwith the two bungee cordswith sufficient
tension so when they are not aligned together they will
form an obtuse angle.The bungee cords are attached to

Splinting

Figure 9 Exam ples ofsplinting dem onstrations w ith locally available supplies.
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Figure 10 Production ofthe fasciotom y/am putation m odel.The firstphotograph displaysthe sugarcane pieces.The second photograph
displaysa sugarcane piece w ith tw o piecesofcolored cellophane attached w ith tape.The third photograph displaysthe addition ofpaper
tow elsto the m odel.The fourth photograph displaysthe com pleted m odel.

Animal model

A fteran understanding ofbasic clinicalskills and theory
is developed by the H W s through the above listed sim ulation m odels, m ultiple anim al sim ulations (pig, goat)
are utilized to further solidify H W s technique and understanding (Figure 12).
Other teaching aids

O ther teaching aids used in the TTC include a hum an
skeleton, hum an sim ulation, and critical action cards
(lam inated cards that highlight the key actions for each
procedure). A prim ary survey dance was created to
reinforce the stepsofprim ary survey (assessing fordanger,
the casualty’s responsiveness, airway, breathing, circulation,disability check,and exposure) in a rhythm ic series
of m otions accom panied by chants. Stressful situations
can lessen the ability to think clearly and trainers and
training course directors found the dance helped H W s to
recalleach discrete action ofthe prim arysurvey.
Survey results

Selected cases m anaged by the H W s over the past year
are presented in Table 2.A dditionally,there were num erous reports of patients who experienced gunshot
wounds or landm ine injuries who were dead upon the
arrivalofthe H W s.
A post-training evaluation was conducted in 2013,and
of the 26 H W s that attended the TTC,75% (18/24) of

H W s felt confident in applying the skills they learned
during the training.A lm ostallofthe H W s feltthat the
training was relevantto their work (96%,25/26),a valuable use oftheirtim e (100% ,26/26),and feltthe training
objectives were m et (100%, 25/25). Furtherm ore, 96%
(25/26)H W sindicated thatthey feltthe training sim ulation m odels helped them learn and gain skills (96%,25/
26).
O verthe past9 years,the H W sinvolved with theTTC
have provided care to 1,232 m ajor traum a patients,(defined as a gunshot wound, landm ine, stab wound, fall
from tree,a tree falling on the patient,anim al bite,or
problem s with the patient’s airway,breathing or circulation; Figure 13). The case survival rate am ong m ajor
traum a patientswas94%.

Conclusions
The TTC has continued to develop and refine traum a
sim ulation m odels to facilitate an understanding of the
basic knowledge necessary forthe H W sto perform their
skillset in a resource-lim ited setting.These m odels can
be adapted and applied to the training ofH W s in other
settings. The sim ulation m odels described engage the
H W s in clinicalskills practice specific to injury m anagem ent,which builds upon the H W s existing knowledge
and facilitates an increased understanding of life-saving
procedures.Through observation ofthe participantperform ance and obtaining feedback from H W s, trainers

Figure 11 Fasciotom y/am putation m odelsim ulation.The firstphotograph displaysthe initialincision.The second photograph displays
cutting and gentle dissection through the fascia and m uscle layersw ith scissors.The third and fourth photographsdisplay the identification,
gentle dissection,and ligation ofthe vasculature.The fifth photograph displayscutting ofthe bone w ith a w ire saw .
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Figure 12 The photographsdisplay goat(leftphotograph)and pig (rightphotograph)anim alm odelsdem onstrating cricothyroidotom y
and chesttube thoracostom y placem ent.

and training course directors have found that the sim ulation m odels increase the understanding of clinical
skills ofthe H W s beyond whatis achieved solely with a
lecture-based form at. A dditionally, it is of param ount
im portance to recognize the relationship developed between the training course directors and the KD H W over
the years. This longitudinal relationship has facilitated
an understanding of each other’s experiences, culture,
and knowledge, which serves as another conduit for
adapting the training and sim ulation m odels to fit the
needsofthe H W s.

Lim itations to the TTC have been identified. First,
standard training program s for H W s are a graduated
learning system starting with physiology and m echanism s
ofinjury/disease,progressing to sim ulation,supervised patientcare,and then finally independentpractice.H owever
in the context of the current situation in eastern
M yanm ar,thissystem isnotviable.Barriersto im plem entation include lack offinancialand hum an resources,ongoing arm ed conflict, governm ental m istrust, and poor
health infrastructure. Second, there are consistent requeststo m ake theTTC longer.Thisisa challenge due to

Table 2 Selected HW cases from 2012,including age,gender,presentation,m anagem ent,and patientoutcom e
Patient

Case

16-year-old
m ale

The patientsuffered a landm ine injury w hile fishing 2 dayspriorto presentation.The patienthad a traum atic rightfoot
am putation.The patientsubsequently w asgiven a blood transfusion and a below the knee am putation w asperform ed w ith
ketam ine.The patientw asgiven antibiotics.The patienthasreturned to schooland hasbeen referred fora prosthesis.

18-year-old
m ale

The patientsuffered a penetrating bam boo w ound to hisrightleg.He presented 3 daysafterthe injury w ith fever,pain,erythem a,
sw elling,and anorexia.The m edic perform ed a fasciotom y,rem oved the retained bam boo,and debrided the surrounding necrotic
m uscle w ith tram adol.The patientreceived antibioticsand stayed atthe clinic for7 days,before being discharged.

20-year-old
m ale

The patientw asbeing chased by a w ild boar,he clim bed a tree,the branch broke and the pig bithim in hisgroin and legs.The
patientpresented to the clinic 3 h afterthe bite.The w oundsw ere cleaned,packed,and he w asgiven antibiotics.

20-year-old
m ale

The patientsuffered distaltibia and fibula fracturesw hile playing football(soccer).The m edic w ason scene w hen the accident
occurred.The m edic noted the significantdeform ity and perform ed a closed reduction w ith tram adol.The leg w asim m obilized
w ith a splintand the patientw asreferred fordefinitive m anagem ent.

22-year-old
soldier

The patientsuffered a landm ine injury.He had a com plex open rightankle fracture.The w ound w ascleaned and packed and he
w asgiven tram adoland antibiotics.He w assubsequently referred to a hospital.

24-year-old
soldier

The patientsuffered a gunshotw ound to the rightelbow .He presented to the clinic 4 h later.The w ound w ascleaned and the
patientw asgiven IVF and antibiotics.The m edic advised an am putation,butthe patientrefused.The w ound w asdebrided and
packed.The patientisstillunable to m ove hishand.

27-year-old
m ale

The patientw asgored by a buffalo and suffered m ultiple broken ribsand abdom inalinjuries.He w asseen atthe clinic 5 h after
the injury.The patientw asunconsciousupon arrivalto the clinic.He w asgiven IVF and antibiotics.He w assubsequently referred
to a hospital.

28-year-old
fem ale

The patientsuffered leftopen tibia and fibula fractures.The m edic perform ed a leftbelow the knee am putation.

28-year-old
m ale

The patientw ho suffered an infected groin injury from a w aterbuffalo 1 m onth priorto presentation.The patienthad hispenis
am putated w ith ketam ine and w asgiven antibiotics.The patientw asreferred to Thailand foradditionalm anagem ent,buthe
refused.On follow -up,the patientw asable to urinate.

28-year-old
m ale

The patientw ascleaning a gun and itbackfired,causing him an ulna fracture.The patientpresented to the clinic 4 daysafterthe
injury.The m edic perform ed a reduction w ith tram adol.The patientw asthen splinted and given antibiotics.

38-year-old
m ale

The patientsuffered a w ild boarattack to hisabdom en and had evisceration.The m edic responded w ithin 30 m in.On arrivalthe
patientw asin severe shock and despite intravenousfluidsand directpressure the patientexpired.

45-year-old
m ale

The patientsustained leftface,rightchest,and leftleg injuriesfrom a w ild boarattack.The patientpresented 3 h afterthe attack.
The w oundsw ere cleaned and packed.The patientstayed in the clinic for10 daysand recovered w ell.

There w ere a num berofreports ofpatients w ho experienced gunshotw ounds orlandm ines injuriesw ho w ere dead upon arrivalofthe m edic.
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Figure 13 Num berofpatients by yearseen by the HW s involved in the traum a training course.

logistics and tim e constraints of the H W s and international trainers, H W coverage w hile attending the
training, and the safety of participants as they travel
across international borders.To address this,a m ajor
goalofthe TTC is to transition to a training oftrainers
m odel.Currently during the trainings,senior H W s participate asclinicalinstructorsand peer-to-peerteachers.
In the future the seniorH W sshould teach theTTC w ith
reduced presence of international instructors. Finally,
despite 13 years oftraining,data regarding H W s know ledge retention and use ofskillsissparse and m ostly anecdotal. Im provem ent in data collection, including
m orbidity and m ortality figures from the field,is currently being addressed.
The TTC has provided training to H W s in a resourcelim ited conflict setting over the past 13 years.W e feel
thatevery year our training course and m odels im prove.
D espite the barriersfaced,we feelthatthisisa necessary
program and has reduced m orbidity and m ortality in
areas that the H W s serve,although the data is m ostly
anecdotal. W ith the changing political environm ent in
M yanm ar and the developm entofpeace agreem ents between the governm ent and the ethnic m inority groups,
these H W s can be integrated into M yanm ar’s evolving
health system .W ith their robust skillset,they can provide essentialservices thatare unlikely to be m etin the
short or m edium term by other providers in the rural
areasthey serve.
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